Rainwater harvesting systems (RWHSs), a pilot-scale one (PSR) and a full-scale one (FSR), at a university campus in Taipei were assessed. Characteristics of harvested rainwater were analyzed, including pH, electrical conductivity (EC), turbidity, alkalinity, dissolved organic carbon (DOC), total coliform (TC), concentration of 14 metals (Al, Ca, K, Mg, Na, Cu, Fe, Mn, V, Zn, Cd, Cr, Pb and Ni) and indicating the influences of marine source and northeast monsoon. Effects of 14-day storage were examined and it was found that pH did not change, while EC, turbidity and DOC slightly decreased.
INTRODUCTION
In the face of water crises, the practice of small-scale rainwater harvesting systems (RWHSs) has received much attention, particularly in arid and remote areas. RWHSs are applied for potable and non-potable purposes, including drinking water, agricultural, industrial, and groundwater recharge. From a sustainability point of view, rainwater harvesting is a feasible and practical way to conserve water. In addition, RWHSs have advantages, such as being free of charge, low maintenance, and environmental friendliness. Nowadays, RWHSs can be found in most regions of the world, including Korea, Spain, New Zealand, Germany, Japan, India, United States, Australia, Africa and countless remote countries. Taiwan has plenty of rainfall, but is still facing a water shortage problem, mainly because of uneven temporal-spatial distribution of rainfall. The Ministry of Education of Taiwan encourages the use of RWHSs in public schools (Sung et al. ) . However, rainwater harvesting technology is still developing, particularly on wider applications.
The main objective of this study is to assess the quality of harvested rainwater from full-scale and pilot-scale RWHSs in the National Taiwan University Science and Technology, located in Taipei. Harvested rainwater was analyzed routinely, including general, physico-chemical, and microbial parameters. The effects of storage time on the rainwater quality were also investigated. A preliminary correlation was assessed between seasonal variation of rainwater quality and dry and wet deposition.
under the roof with dimensions of 0.75 m length and width. Stainless steel is used for the catchment surface material because it is resistant to corrosion. The roof area is 1.25 m by 1.25 m (1.5625 m 2 ). For better collection, the roof is inclined approximately 18 W . The prevailing northeast wind blows in the winter season, therefore the system was made to face this direction. The conveyance systems, including PVC guttering and silicone tubing were used to route the rainwater. Both materials were chosen because of their convenience of installation and freedom from metal contamination. The storage tank (25 L) was made of high density polyethylene (HDPE) and was covered by a wooden box to avoid sunlight. The FSR consisted of rainwater collected from the roof (1,560 m 2 ) of a 10-floor building and surface runoff from a sports ground (1,280 m 2 ). Rainwater is directed to a holding tank by guttering, down pipe systems, and a drainage system around the building. Rainwater will overflow to municipal sewers in the case of high precipitation. Samples were taken from the temporary tank. Rainwater storage and treatment systems were located on the underground floor. The rainwater is sand filtered and disinfected by NaOCl before being directed to the storage tank and used for irrigation and toilet flushing. The electric valve will open and replenish with tap water when the water level is below a set value in the storage tank. The PSR rainwater sample was defined as what collected during 24 hours of each rain event. The samples were collected from January to December 2011. As for FSR, the samples were collected once or twice weekly from September 2010 to December 2011. Harvested samples were transported to the laboratory for several immediate analyses, including pH, alkalinity, electrical conductivity (EC), turbidity and total coliform (TC) using the multiple-tube fermentation method. For preservation, approximately 200 mL samples were filtered with 0.22 μm membrane filters (mixed cellulose ester, Advantec) and stored in a refrigerator at 4 W C. All the sample analysis followed Standard Methods (APHA ).
Metal contents of rainwater were analyzed by inductively coupled plasma-atomic emission spectroscopy (ICP-AES, JY-2000) . Anion concentrations were analyzed by ion chromatography (IC, Dionex, DX-1000). A box-whisker diagram was used to represent seasonal variation of rainwater composition, using statistical analysis (Lee et al. ) .
Dry deposition was collected by a high-volume air sampler (GMW, Grseby-Andersen) next to the PSR on April 28-30 and June 7-9, 2011, respectively. The membrane material is glass fiber (GB-100R, Advantec). These membranes were kept at 25 W C and 30% relative humidity overnight prior to use. After 48 hours collection at a flow rate of ca. 200 L/min, the membrane was removed and placed into an oven at 50 W C overnight. Two hundred millilitres of ultra-pure water was used to dissolve the particles from the membrane, then 15 times dilution for further analysis. The total suspended solids were ca. 100 μg/m
3
, and approximately equal to 19.2 mg.
RESULTS AND CONCLUSIONS pH and alkalinity
In the current study, a total of 104 samples were collected from two systems, including 59 from the PSR and 45 from the FSR. We found that the pH of harvested rainwater ranged from 3.42 to 6.56 and median pH value was 4.34 in the PSR (Figure 2 (a)), which implied prevailing acid precipitation in Taipei. On the other hand, pH was in the range of 6.85-9.74 and the median value was 7.37 for harvested rainwater in the FSR (Figure 2(b) ). This was the result of different roofing materials. The roof and sports ground's drainage systems and holding tank were made of concrete. The concrete contributed to high levels of alkalinity and raised pH of the harvested rainwater during collection and storage. Other studies also observed neutral or alkaline pH of rainwater with cement catchment surfaces and storage tanks (Simmons et al. ; Kus et al. ; Mendez et al. ) . A previous study with similar RWHS and conditions also reported high level alkalinity in harvested rainwater In other words, low alkalinity content leads to fluctuation in pH. However, acidic and alkaline harvested rainwater might corrode the metallic apparatus, and then affect system operation (Ward et al. ) .
Metal contents
Concentrations of 14 metals in rainwater samples from two RWHSs were analyzed. The results revealed trace amounts of Cr (ca. 0.04 mg/L) and Al (ca. 0.3 mg/L) during the initial period of study from the PSR; it is conjectured that stainless steel contained these elements and the top layer of the oxide surface was unstable at the beginning. The acid precipitation may facilitate their dissolution as well. Other heavy metals (Cd, Ni, Pb, Cu, Zn, V, Fe and Mn) were also observed but at very low level concentrations. The PSR contained a higher concentration of these heavy metals when compared to the FSR. It is possible that rusted screws used to fix the steel sheet on the system were flushed out, thus contributing to the extra amount of heavy metals. Additionally, acid precipitation may wash out the rust, releasing more metals. There are no guidelines as to metal concentrations in harvested rainwater in Taiwan. Nonetheless, a comparison was made for Cr, Cd, Pb, of which the recommended maximum concentrations in surface water for drinking water purposes are 0.05, 0.01 and 0.05 mg/L, respectively. In (Figures 4(a)  and 4(b) ), were found in higher concentration than the other 10 metals. According to the median value of these four metals, it was evident that concentration in the FSR was one order of magnitude higher than the PSR. Other studies also found that harvested rainwater commonly contained these metals at higher concentration compared to other heavy metals (Göbel et . These metals were suspended in the atmosphere by wind and then deposited on the catchment surface and coupled with rainfall into the tank.
Anion contents
The results of the main anions in the rainwater are shown in Figure 5 (a) and 5(b). 
Microbiological quality
Microbiological quality of the harvested rainwater was assessed by examination of common microbial indicators, i.e. TCs. TC of harvested rainwater in FSR ranged from 1.1 × 10 2 to higher than 1.6 × 10 4 MPN/100 mL and the median value was 1.7 × 10 3 MPN/100 mL, whereas lower concentration of TC was found in the PSR. Again, it was probably due to the surface runoff that was included in the FSR. In terms of drinking water source guidelines in Taiwan, rainwater in both PSR and FSR never exceeded the maximum allowable level of TC counts of 2.0 × 10 4 MPN/100 mL. However, TC counts must be maintained as low as possible in drinking water application in order to secure hygiene and safety.
Effect of storage
One harvested rainwater sample was stored for 14 days and was routinely analyzed on the 3rd, 6th, 9th, 12th and 14th day. Results are shown in Tables 1 and 2 . In general, it is noted that pH did not change much, while EC, turbidity, and dissolved organic carbon (DOC) decreased with storage time (Table 1) . However, it was noted that the number of TC increased in the beginning, then declined with long-term storage. TC depended on the availability of substrate and nutrients in the rainwater and DOC could act as essential substrate which was assimilated by microorganisms. This leads to the reasoning that the initial DOC content supported microbial growth in the early stages, then it decreased to lower level counts as substrate concentration decreased. Concentration of anions and metals seemed stable and fluctuated within reasonable ranges ( Table 2 ). The present results are in agreement with those reported by Vasudevan et al. () .
Dry deposition
Influence of dry deposition on rainwater quality was assessed. A total of ca. 57.6 mg of dry deposition, collected on April 28-30, was dissolved in 3 L of ultra pure water to simulate the dissolution and release of metal and anion. The suspension was monitored for 14 days and was routinely analyzed on the 3rd, 6th, 9th, 12th and 14th day.
Results are shown in Tables 3 and 4 . Though EC and DOC did not change much, pH increased with time from 5.54 to 6.17 after 14 days ( It was probably urban pollution that contributed both SO 4 2À and NO 3 À .
When compared with Table 2 , it was found that soluble concentrations of Ca, Mg, Cu, and Zn were slightly lower, while Fe was higher in Table 4 . It was noted that Pb was not detected in the dry deposition. Also, concentrations were mostly in the same range when compared with seasonal variation in Figure 4 (a). Metal content in dry deposits depend on season, particulate size, and industrial activities. In Taiwan, concentrations were found to be lowest during the summer monsoon season (Fang et al. ) . That may explain the generally low metal contents in late April as illustrated in the current study. This was only a preliminary examination. However, comprehensive monitoring of both dry deposition and rainwater quality is definitely needed in the future to understand more about their correlation. This will help in assessing the quality of harvested rainwater affected by atmosphere.
CONCLUSIONS
We studied the RWHSs in our campus and several conclusions are made:
1. Materials used for catchment and storage affected pH, alkalinity, and metal content of rainwater significantly. 2. Concentrations of metals from two RWHSs were low except for Na, Ca, K and Mg. Anion, including Cl À , NO 3 À , and SO 4 2À showed much higher concentration in winter, implying the influences of marine source and northeast monsoon. 3. It was found that pH did not change much, while EC, turbidity, and DOC decreased with storage time. However, it was noted that the number of TC increased in the beginning, then declined with long-term storage.
